Scopulariopsis-like species are often reported from the indoor environment, as well as from clinical samples. The lack of type isolates and thorough phylogenetic studies in the Microascaceae hampered the correct identification of these isolates. Based on recent phylogenetic studies, which resulted in multiple name changes, the aim is to molecularly identify the Scopulariopsis and scopulariopsis-like species which occur in the indoor environment and give an overview of the current species in these genera and their habitats. Strains from the CBS culture collection were supplemented with almost 80 indoor strains of which the internal transcribed spacer 1 and 2 and intervening 5.8S nrDNA (ITS), beta-tubulin (tub2) and translation elongation factor 1-alpha (tef1) gene regions were sequenced for phylogenetic inference. The multi-gene phylogenies recognise 33 Microascus species and 12 Scopulariopsis species and showed that the recently established genus Fuscoannellis, typified by Scopulariopsis carbonaria, should be synonymized with the genus Yunnania. Seven new Microascus species, four new Scopulariopsis species, and one new Yunnania species, are described, and a new name in Microascus and two new name combinations (one in Microascus, and one in Yunnania) are proposed. In the indoor environment 14 Microascus species and three Scopulariopsis species were found. Scopulariopsis brevicaulis (22 indoor isolates) and Microascus melanosporus (19 indoor isolates) are the most common indoor species, in number of isolates, followed by M. paisii (8 indoor isolates) and S. candida (7 indoor isolates). A genus phylogeny based on the ITS, tef1 and the large subunit 28S nrDNA (LSU) of the type or representative isolates of all here recognised species is provided depicting all species habitats. No correlation between phylogenetic relationship and habitat preference could be observed. Ten species which are found indoor are also found in relation with human-derived samples. A table showing recent name changes and a key to common species of Scopulariopsis and scopulariopsis-like genera found indoors is included.
INTRODUCTION
People spend up to 90 % of their time indoors (Höppe & Martinac 1998) . Fungi present in these indoor environments can produce toxins or carry allergens which cause health hazards. Therefore it is important to know which fungal species are present indoors. Several reports are made on the presence of Microascaceae in the indoor environment. The species Scopulariopsis brevicaulis, S. candida, S. fusca (= S. asperula), S. brumptii (= Microascus paisii) and S. sphaerospora (= M. paisii) are often mentioned as indoor fungi . However, in most of the indoor reports of scopulariopsis-like isolates, morphological examination has not been confirmed with molecular studies. Also the absence of thorough phylogenetic studies in these genera made it difficult to accurately identify the indoor Microascaceae. The first phylogenetic study of scopulariopsis-like species was based on the large subunit 28S nrDNA (LSU, Issakainen et al. 2003) . Here the potential relationship between asexual and sexually reproducing species was assessed, with a focus on clinically occurring species. The main microascoid clade, which contained all Microascus and Scopulariopsis species studied, was divided into seven clades. Further taxonomic study is suggested to redefine or split the genus Microascus. A study of clinical isolates in Poland confirmed that the LSU sequence alone is insufficient for species delimitation in Scopulariopsis (Jagielski et al. 2013) . A taxonomic study of cheese fungi used the beta-tubulin (tub2) and translation elongation factor 1-alpha (tef1) gene regions next to LSU to identify their Scopulariopsis species (Ropars et al. 2012) . The internal transcribed spacer 1 and 2 and intervening 5.8S nrDNA (ITS) gave problems with amplification, and displayed a high variability, which made it not useful for phylogenetic study of their isolates. Translation elongation factor 1-alpha showed to be the most phylogenetically informative genomic region and was proposed for identifying Scopulariopsis species. A subsequent phylogenetic study on clinical Microascus and Scopulariopsis species made a combined phylogeny of the LSU and tef1 gene region (Sandoval-Denis et al. 2013) . They concluded that this combined analysis is useful for the identification of the most common clinically relevant Scopulariopsis species. However, further phylogenetic studies testing more genetic markers and reference strains are suggested, since nine phylogenetic clades in their combined phylogenies could not be properly named. This follow-up study with the aim to clarify the taxonomy and phylogeny of Microascus, Scopulariopsis and allied genera was published recently . On a large set of clinical and environmental isolates, including ex-type strains of multiple species, a phylogenetic study was conducted based on the ITS, LSU, tef1 and tub2 gene regions, in combination with morphological and physiological analyses. In this polyphasic approach study the genera Microascus and Scopulariopsis are separated, the genus Pithoascus reinstated, and the new genus Pseudoscopulariopsis proposed. Seven new Microascus species and one new Scopulariopsis species are described, nine new name combinations are introduced, and several species are neotypified . A second taxonomic study on a set of clinical and environmental scopulariopsis-like fungi followed soon . Here another three new Microascus species, one new Scopulariopsis species and one new Pithoascus species are described, S. albo-flavescens is reinstated, M. trigonosporus var. terreus recombined in M. terreus, and the new genus Fuscoannellis proposed.
Although these two recent phylogenetic studies ) make molecular identification of scopulariopsis-like isolates upon species level possible, the involved name changes can cause a lot of confusion. Commonly mentioned species from the indoor environment, like S. brumptii (now M. paisii), S. fusca (now S. asperula) and S. sphaerospora (now M. paisii), are renamed. The aim of this project is to molecularly identify the scopulariopsis-like taxa, which occur in the indoor environment. Simultaneously, a phylogenetic overview of these genera is constructed, and the species habitats are studied. All available Microascus and Scopulariopsis isolates from the Westerdijk Fungal Biodiversity Institute culture collection (CBS collection) and working collection of the Applied and Industrial Mycology department (DTO collection) are included in the study. Species phylogenetic inferences were conducted on sequence data of parts of the ITS, tub2 and tef1 gene regions, and a genus phylogenetic inference on the LSU, ITS and tef1 gene regions. Phylogenetic clades which contain indoor isolates are highlighted as indoor species. New species are described, and an overview of the current species and their habitats in the genera Microascus, Scopulariopsis and Yunnania is provided. Furthermore, a table showing recent name changes and a key to common species of Scopulariopsis and scopulariopsis-like genera found in the indoor environment is provided.
MATERIALS AND METHODS

Isolates
In total 248 isolates were included in this study, comprising of 152 Microascus isolates, 88 Scopulariopsis isolates, four Yunnania isolates, and four out-group isolates. The isolates were obtained from the culture collection of the Westerdijk Fungal Biodiversity Institute (former CBS-KNAW Fungal Biodiversity Centre), Utrecht, the Netherlands and the working collection of the Applied and Industrial Mycology department (DTO) housed at the Westerdijk Institute (Table 1) . Isolates from the culture collection of the Westerdijk Institute (CBS collection) have a world-wide distribution and are isolated from a diverse range of substrates. Isolates from the working collection of DTO are mostly isolated from indoor environments or food, and include swab and air samples mainly from Europe, and house dust samples collected world-wide (Amend et al. 2010) . Freeze-dried strains from the CBS culture collection were revived in 2 mL malt/ peptone (50 % / 50 %) and subsequently transferred to oatmeal agar (OA) . Strains stored in the liquid nitrogen (CBS collection) or the DTO collection were transferred to OA directly from the −185°C or −80°C storage, respectively. They were cultured for 14 d at 25°C in the dark. From eight isolates only their DNA sequences from GenBank were obtained (Table 1 , isolates without a DTO number).
DNA isolation, PCR and sequencing
DNA extraction was performed using the Ultraclean ® Microbial DNA Isolation Kit (MoBio laboratories, Carlsbad, CA, USA), according to the manufacturer's instructions. The LSU, ITS, tub2 and tef1 gene regions were amplified and sequenced with respectively the primers LR0R (Rehner & Samuels 1994 )/LR5 (Vilgalys & Hester 1990) , V9G (De Hoog & Gerrits van den Ende 1998)/LS266 (Masclaux et al. 1995) , Bt2a/Bt2b (Glass & Donaldson 1995) and EF1-983F/EF1-2218R (Rehner & Buckley 2005) . The PCRs were performed in an Applied Biosystems ® 2720 Thermal Cycler (Thermo Fisher Scientific, Bleiswijk, the Netherlands) in a total volume of 12.5 μl. The PCR mixture consisted of 1 μl genomic DNA, 1 × NH 4 reaction buffer (Bioline, Luckenwalde, Germany), 0.2 μM of each primer, 5 % dimethyl sulfoxide (DMSO), 20 μM (tub2) or 40 μM (LSU/ITS/ tef1) of each dNTP, 1 mM (ITS) or 1.6 mM (tef1) or 2 mM (LSU/ tub2) MgCl 2 , and 0.25 U Taq DNA polymerase (Bioline). The PCR conditions for LSU, ITS and tub2 consisted of an initial denaturation step of 5 min at 94°C followed by 35 cycles of 30 s at 94°C, 30 s at 47°C (LSU) or 55°C (ITS) or 59°C (tub2) and 1 min at 72°C, and a final elongation step of 7 min at 72°C. For tef1 a touchdown PCR protocol of 9 cycles of 30 s at 94°C, 30 s at 66°C (−1°C every cycle) and 90 s at 72°C, followed by 30 cycles of 30 s at 94°C, 30 s at 56°C and 90 s at 72°C and a final elongation step of 7 min at 72°C was used. The PCR products were sequenced in both directions using the BigDye Terminator v. 3.1 Cycle Sequencing Kit (Thermo Fisher Scientific) and analysed with an ABI Prism 3730xl DNA Analyser (Thermo Fisher Scientific) according to the manufacturer's instructions. Consensus sequences were computed from forward and reverse sequences using the Bionumerics v. 4.61 software package (Applied Maths, St-Marthens-Latem, Belgium). Several sequences obtained in this study had one or multiple nucleotide differences and length differences with already published sequenced of the same isolates. All new sequences and sequences which were longer in length or had nucleotide differences with already published sequenced were submitted to GenBank (Table 1) .
Phylogenetic analyses
Multiple sequence alignments of the separate LSU, ITS, tub2 and tef1 sequences were generated with MAFFT v. 7.271 (http:// mafft.cbrc.jp/alignment/server/index.html) using the L-INS-i method. With Findmodel (http://www.hiv.lanl.gov/content/ sequence/findmodel/findmodel.html) the best nucleotide substitution models were determined. On both the single genesequence alignments and the combined gene-sequence alignment Bayesian analyses were performed with MrBayes v. 3.1.2 (Huelsenbeck & Ronquist 2001 , Ronquist & Huelsenbeck 2003 . The Markov Chain Monte Carlo (MCMC) analysis used four chains and started from a random tree topology. The sample Table 1 . Isolates used in this study and their GenBank accession numbers. Bold accession numbers were generated in other studies.
Name
Old frequency was set at 1 000 and the temperature value of the heated chain was set at 0.1. The run stopped when the average standard deviation of split frequencies reached below 0.01. Burnin was set to 25 % after which the likelihood values were stationary. Tracer v. 1.5.0 (Rambaut & Drummond 2009 ) was used to confirm the convergence of chains. Maximum-likelihood analyses including 500 bootstrap replicates using RAxML v. 7.2.6 (Stamatakis & Alachiotis 2010) were additionally run on both the single gene-sequence alignments and the combined genesequence alignment. The resulting trees were printed with TreeView v. 1.6.6 (Page 1996) and, together with the alignments, deposited into TreeBASE (http://www.treebase.org). In order to get optimal sequence alignments, the dataset was divided in three different phylogenies. Based on the ITS, tub2 and tef1 sequences a separate species phylogeny for Microascus (157 isolates) and for Scopulariopsis (89 isolates) was constructed. Following these species phylogenies a genus phylogeny including one isolate per recognised species (when present the ex-type isolate) was constructed based on the LSU, ITS and tef1 sequences (52 isolates). The tub2 sequences were omitted in the genus phylogeny because of alignment difficulties. Based on former phylogenetic studies 
Morphology
Cultures were incubated on oatmeal agar (OA), malt extract agar (MEA) and dichloran 18 % glycerol agar (DG18) plates (recipes Samson et al. 2010 ) at 25°C in the dark. After 14 d the colony diameters were measured and the colony characters noted. Colony colours were rated according to Rayner (1970) . Measurements and descriptions of microscopic structures were made from cultures grown on synthetic nutrient agar (SNA, Samson et al. 2010 ) at 25°C in the dark for 14 d or longer to ensure ascomata development. Slide preparations of the asexual morph structures were made with the sellotape technique (Schubert et al. 2007) or mounted in 85 % lactic acid, like the sexual morph structures. Photographs of characteristic structures were made with a Zeiss Axio Imager A2 microscope equipped with a Nikon DS-Ri2 high-definition colour camera head using differential interference contrast (DIC) optics and the Nikon software NIS-elements D v. 4.50. Furthermore, growth at 36°C and 40°C in the dark on OA was tested.
RESULTS
Microascus phylogeny
For the phylogeny 157 isolates were selected to represent the genus Microascus (Table 1) including the outgroup-isolate Pithoascus stoveri (CBS 176.71). The aligned sequences of the ITS (474 characters), tub2 (529 characters), and tef1 (898 characters) gene regions had a total length of 1 901 characters, with respectively 147, 253, and 221 unique site patterns. The GTR model with a gamma-distributed rate variation was suggested as model for the ITS and tef1 alignments and the HKY model with a gamma-distributed rate variation for the tub2 alignment. After discarding the burn-in phase trees, the multi-gene Bayesian analysis resulted in 4 172 trees from two runs from which the majority rule consensus tree and posterior probabilities were calculated. The multi-gene phylogeny divided the isolates in 33 Microascus species (clades, Fig. 1 ), and three Yunnania species (clades, Fig. 1 
Scopulariopsis phylogeny
For the phylogeny 89 isolates were selected to represent the genus Scopulariopsis (Table 1) including the outgroup-isolate Pseudoscopulariopsis schumacheri (CBS 435.86). The aligned sequences of the ITS (441 characters), tub2 (502 characters), and tef1 (887 characters) gene regions had a total length of 1 830 characters, with respectively 58, 143, and 109 unique site patterns. The TrN model with a gamma-distributed rate variation was suggested as model for the ITS alignment, the GTR model with a gamma-distributed rate variation as model for the tef1 alignment and the HKY model with a gamma-distributed rate variation for the tub2 alignment. After discarding the burn-in phase trees, the multi-gene Bayesian analysis resulted in 2 214 trees from both runs from which the majority rule consensus tree and posterior probabilities were calculated. The multi-gene phylogeny divided the isolates in 12 species (clades, Fig. 2 
Genus phylogeny with habitat study
For the genus phylogeny (Fig. 3) distributed rate variation was suggested as model for the ITS and tef1 alignments and the TrN model with a gamma-distributed rate variation for the LSU alignment. After discarding the burn-in phase trees, the multi-gene Bayesian analysis resulted in 1 180 trees from two runs from which the majority rule consensus tree and posterior probabilities were calculated. The habitats are plotted behind the species names in the genus tree ( Fig. 3) and placed in an overview table depicting the species per habitat ( Table 2) . No specific clustering of habitat preference related to phylogenetic relationships can be found, the different habitats are scattered over the phylogenetic tree (Fig. 3) .
Seventeen species are found in the indoor environment, 14 Microascus species and three Scopulariopsis species ( INDOOR SCOPULARIOPSIS AND SCOPULARIOPSIS-LIKE SPECIES www.studiesinmycology.org species, in number of isolates, followed by M. paisii (8 indoor isolates), S. candida (7 indoor isolates), and M. croci (5 indoor isolates). Ten species which are found indoor are also found in relation with humans ( Fig. 3) , but mostly only from skin or nail infections, and more rarely in other tissues like pulmonary tissue (e.g. M. cirrosus) or blood culture (e.g. S. brevicaulis). This needs to be taken into account when trying to indicate the risk for human health. Scopulariopsis asperula can be found in all included habitats, followed by S. brevicaulis and M. cirrosus which both are found in six different habitats and M. gracilis found in five different habitats (Fig. 3) . These species are all also found indoor, which is not surprisingly considering their non-selective habitats. Five species, M. chartarus, M. hollandicus, M. micronesiensis, M. pseudopaisii and M. trautmannii, are only found in the indoor environment. Of these five species, three are single isolate species and the other two only include two isolates (M. micronesiensis and M. pseudopaisii). The two isolates of M. pseudopaisii are isolated from the same place, and could be seen as duplicates. Microascus micronesiensis has been found in two different houses in Micronesia in different cities on separate occasions, and has therefore the most potential in being a true indoor species.
TAXONOMY
Based on the multi-gene species phylogenies (Figs 1 and 2 Fig. 4 .
Etymology: name refers to its conidia with a basal appendage.
Ascomata abundant, immersed, ostiolate, globose to subglobose with a short (up to 45 μm long) cylindrical ostiolar neck, (134-) 158-208(-218) μm diam., black, glabrous; peridium with a textura angularis. Asci irregularly ellipsoidal, (19.5-) 21-24.5(-25) × (10-)12.5-17.5(-20) μm. Ascospores fusiform, (5.5-)6.5-7.5(-8) × (3.5-)4-4.5(-5) μm, honey, pale luteous in mass, smooth, with a single inconspicuous germ pore. Conidiophores arising from substrate mycelium, indistinctive or simple, rarely branched, bearing terminally a single annellide. Annellides lageniform to ampulliform, (6-)7.5-11(-13.5) μm long, (2-)2.5-3(-3.5) μm broad at the widest part, tapering abruptly to a cylindrical annellate zone 0.5-1(-1.5) μm wide, hyaline to subhyaline, smooth-walled. Conidia subglobose with small basal appendage, (5-)5.5-7 × (3.5-)4-5(-5.5) μm, subhyaline, older conidia covered with hazel mucilaginous coating, smooth, thick-walled, arranged in short chains.
Culture characteristics: Colonies on OA attaining a diameter of 27-28 mm after 14 d at 25°C, flat, white to cream-coloured with smoke grey zones and olivaceous grey ascomata, margin undulated. On MEA attaining a diameter of 17-19 mm, convex, white to cream-coloured, radially striated with dentate margin. On DG18 attaining a diameter of 19 mm, low convex, white to cream-coloured with partly a grey olivaceous ring close to the edge, margin undulate. On OA able to grow at 36 and 40°C.
Specimen examined: Algeria, from human skin, collection date and collector unknown, (holotype CBS H-22744, culture ex-type CBS 594.78).
Notes:
The ex-type strain of M. appendiculatus (CBS 594.78) was recently published as M. senegalensis . However, the sequences of their two included M. senegalensis isolates deposited on GenBank (which are confirmed by resequencing the isolate) only have 94 % identity based on ITS, 99 % on LSU, 90 % on tub2 and 96 % on tef1. Although they seem to cluster together in their phylogenetic tree, our phylogenies (all single gene phylogenies, and the combined phylogeny Fig. 2) places CBS 594.78 as a separate species, which is described here as M. appendiculatus. Also morphologically it is distinct from M. senegalensis with the subglobose conidia with small basal appendage and the hazel mucilaginous coating around the older conidia. Etymology: name refers to the original description of the basionym where "atro-griseis coloniis" are described. 
Microascus atrogriseus
Habitat Species
Sexual morph not observed. Conidiophores arising from substrate mycelium, simple or indistinctive, bearing one or multiple annellides. Annellides ampulliform, (4.5-)5.5-8.5(-10) μm long, 2-3 μm broad at the widest part, tapering abruptly to a cylindrical annellate zone 1-1.5(-2) μm wide, hyaline, smooth-walled. Conidia broadly ellipsoidal to short clavate with truncate base, (3-)3.5-4(-4.5) × (2.5-)3(-3.5) μm, hyaline when young turning hazel when ageing, smooth, thick-walled, arranged in chains.
Culture characteristics: Colonies on OA attaining a diameter of 17-20 mm after 14 d at 25°C, flat, white to cream-coloured with (pale) olivaceous grey to iron grey centre, margin crenated. On MEA attaining a diameter of 13-14 mm, convex, white to very pale olivaceous grey, radially striated edge with crenated margin. On DG18 attaining a diameter of 10-20 mm, low convex, white to pale olivaceous grey, margin entire. On OA no growth at 36 and 40°C. Notes: Microascus atrogriseus is morphologically indistinguishable from M. paisii. Sequence data is necessary to distinguish it from M. paisii. All three genes used in this manuscript can separate the two species (ITS 5 nt difference, tub2 20 nt difference, and tef1 9 nt difference between the type isolates of both species).
Microascus cleistocarpus Woudenb., X. Wei Wang & Samson sp. nov. MycoBank MB803264. Fig. 6 .
Etymology: named after the non-ostiolate ascomata.
Ascomata abundant, immersed, non-ostiolate, globose to subglobose, (50-)52-71(-83) μm diam., dark brown, glabrous; peridium with a textura angularis. Asci ovoid to subglobose, (11-)11.5-14(-15) × (7-)7.5-9.5(-10.5) μm. Ascospores broad fusiform to ellipsoidal, (6.5-)7-8 × 4-5 μm, buff to honey, smooth, with a single inconspicuous germ pore. Conidiophores arising from substrate mycelium, indistinctive, simple or occasionally branched, bearing terminally a single annellide. Annellides lageniform to ampulliform, (8-)9-14.5(-17.5) μm long, (2-)2.5-3 μm broad at the widest part, tapering gradually to a cylindrical annellate zone 1-1.5(-2) μm wide, hyaline to subhyaline, smooth-walled. Conidia obovoid with truncate base, (4.5-)5-6(-6.5) × 3.5-4.5 μm, hyaline, turning to hazel when ageing, smooth or finely roughened, thick-walled, arranged in chains. Notes: The newly described M. cleistocarpus is closely related to M. hyalinus (Fig. 1) Fig. 7 .
Etymology: name refers to the fusiform conidia.
Sexual morph not observed. Conidiophores arising from substrate mycelium, simple or branched, occasionally indistinctive, bearing one to multiple annellides. Annellides ampulliform, (7-) 9-12(-14) μm long, 2-3(-3.5) μm broad at the widest part, tapering gradually to a cylindrical annellate zone, sometimes thickened, 1-1.5(-2) μm wide, hyaline, smooth-walled. Conidia obovoid to broad clavate or fusiform, with truncate base, (5-) 5.5-6.5 (-7) × 2.5-3.5 μm, hyaline or subhyaline, smooth, thickwalled, arranged in chains.
Culture characteristics: Colonies on OA attaining a diameter of 15 mm after 14 d at 25°C, flat, white at the margin with grey olivaceous to olivaceous centre, margin crenated. On MEA attaining a diameter of 10-12 mm, convex, olivaceous grey with white to cream-coloured sectors and margin, margin crenated. On DG18 attaining a diameter of 15-18 mm, crateriform, cinnamon with buff tufts of mycelium at the outer ring, olivaceous grey with white velvet mycelium at the centre, margin dentate. On OA no growth at 36 and 40°C. annellides. Annellides ampulliform, (3.5-)4-6(-8) μm long, (2.0-)2.5-3(-3.5) μm broad at the widest part, tapering abruptly to a cylindrical annellate zone 1-1.5 μm wide, hyaline, smoothwalled. Conidia broadly ellipsoidal to short clavate with truncate base, (3.5-)4-4.5(-5) × (2.5-)3-3.5(-4) μm, hyaline when young turning honey when ageing, smooth, thick-walled, arranged in chains.
Culture characteristics: Colonies on OA attaining a diameter of 17-18 mm after 14 d at 25°C, flat to slightly raised, white to cream-coloured with olivaceous grey to olivaeous buff centre, margin dentate. On MEA attaining a diameter of 12-13 mm, raised, white to very pale olivaceous grey, radially striated with crenated margin. On DG18 attaining a diameter of 10-11 mm, raised, olivaceous grey, woolly with long white mycelium hairs growing out, margin entire. On OA no growth at 36 and 40°C. Sexual morph not observed. Conidiophores arising from substrate mycelium, simple or indistinctive, bearing one to multiple annellides. Annellides ampulliform, (5.5-)7.5-11(-13) μm long, (2-)2.5-3.5(-4) μm broad at the widest part, tapering abruptly INDOOR SCOPULARIOPSIS AND SCOPULARIOPSIS-LIKE SPECIES www.studiesinmycology.org to a cylindrical annellate zone 1-1.5(-2) μm wide, hyaline, smooth-walled. Conidia broadly ellipsoidal to short clavate with truncate base, 4-4.5(-5) × (2.5-)3-3.5 μm, hyaline when young turning hazel when ageing, smooth, thick-walled, arranged in chains. Fig. 10 .
Etymology: name refers to the country of isolation, Micronesia.
Sexual morph not observed. Conidiophores arising from substrate mycelium, indistinctive, simple or branched, bearing terminally one or occasionally two annellides. Annellides ampulliform, (6-)7-11(-14) μm long, 2-2.5(-3) μm broad at the widest part, tapering gradually to a cylindrical annellate zone (0.5-)1-1.5 μm wide, hyaline, smooth-walled. Conidia broadly obovoid with truncate base, 3-4(-4.5) × (2-)2.5-3(-3.5) μm, hyaline or subhyaline, smooth, thick-walled, arranged in chains. Sexual morph not observed. Conidiophores arising from substrate mycelium, simple or indistinctive, bearing one or multiple annellides. Annellides ampulliform, (5.5-)6.5-9.5(-12) μm long, (2-)2.5-3(-3.5) μm broad at the widest part, tapering abruptly to a cylindrical annellate zone 1-1.5(-2) μm wide, hyaline, smooth-walled. Conidia broadly ellipsoidal to short clavate with truncate base, 3.5-4(-4.5) × 3-3.5(-4) μm, hyaline when young turning hazel when ageing, smooth, thick-walled, arranged in chains.
Culture characteristics: Colonies on OA attaining a diameter of 17-20 mm after 14 d at 25°C, low convex, white to creamcoloured with olivaceous grey to iron grey centre, margin crenated. On MEA attaining a diameter of 15-18 mm, crateriform, olivaceous grey to iron grey, radially striated, margin crenated. On DG18 attaining a diameter of 19-22 mm, crateriform, vinaceous buff with purplish grey zones at the margin and greyish sepia centre, margin entire. On OA some isolates grow at 36°C, no growth at 40°C. annellides (see notes of the respective species). Microascus melanosporus can be distinguished by its faster growth rate on OA and MEA at 25°C (see notes of M. melanosporus). Microascus atrogriseus is morphological identical to M. paisii, molecular data is necessary to distinguish the species (see notes of M. atrogriseus). CBS 333.35 isolated from small-pox vaccine in France is recognised here as the probable ex-type isolate of S. brumpti. It was deposited to the CBS in 1935 by Prof. Dr. Langeron who worked in the Universit e de Paris, Facult e de M edecine. The original description of S. brumptii by Salvanet-Duval was published in Th ese Facult e de Pharmacie at the Universit e de Paris, on research on the small-pox vaccine (Salvanet-Duval 1935) . All three studied ex-type isolates (CBS 213.27, CBS 402.34 and CBS 333.35) showed reduced growth and are therefore excluded from the culture descriptions. Sexual morph not observed. Conidiophores arising from substrate mycelium, simple or branched, occasionally indistinctive, bearing one to multiple annellides. Annellides lageniform to ampulliform, (3.5 -)4.5 -6(-6.5) μm long, 2 -3( -3.5) μm broad at the widest part, tapering abruptly to a cylindrical annellate zone 1 -1.5 μm wide, hyaline, smoothwalled. Conidia broadly ellipsoidal to short clavate with truncate base, (3 -)3.5 -4.5( -5) × 2.5 -3( -3.5) μm, hyaline when young turning honey when ageing, smooth, thick-walled, arranged in chains.
Culture characteristics: Colonies on OA attaining a diameter of 17-20 mm after 14 d at 25°C, slightly raised, white to creamcoloured with olivaceous grey centre, margin crenated. On MEA attaining a diameter of 14-15 mm, crateriform, olivaceous grey with white to cream-coloured edge, radially striated with crenated margin. On DG18 attaining a diameter of 10-12 mm, crateriform, pale olivaceous grey, woolly with long white mycelium hairs growing out, margin entire. On OA no growth at 36 and 40°C. Sexual morph not observed. Conidiophores arising from substrate mycelium, simple or indistinctive, bearing terminally one or multiple annellides. Annellides slender ampulliform, (13.5-) 16-22(-25) μm long, (1.5-)2-2.5(-3) μm broad at the widest part, with a sometimes thickened cylindrical annellate zone (1-) 1.5-2(-2.5) μm wide, hyaline, smooth-walled. Conidia obovoid to broad clavate or fusiform, with truncate base, (5-) 5.5-6.5(-7) × (2-)2.5-3 μm, hyaline or subhyaline, smooth, thick-walled, arranged in chains.
Culture characteristics: Colonies on OA attaining a diameter of 17 mm after 14 d at 25°C, flat to slightly raised, white to creamcoloured with olivaceous grey centre, margin dentate. On MEA attaining a diameter of 13-16 mm, raised, buff to (pale) olivaceous grey with zones of white woolly mycelium, edge radially striated with crenated margin. On DG18 attaining a diameter of 10-11 mm, crateriform, pale olivaceous grey to pale greenish grey, margin entire. On OA reduced growth at 36°C, no growth at 40°C. Etymology: name refers to the country of isolation, South Africa.
Sexual morph not observed. Conidiophores arising from substrate mycelium, simple to indistinctive, occasionally branched. Annellides cylindrical to slight ampulliform, (5-)8-15(-21.5) μm long, (2-)3-4(-4.5) μm broad at the widest part, tapering gradually to a cylindrical annellate zone 2-3(-3.5) μm wide, hyaline, smooth-walled. Conidia subglobose to broadly ovoid with truncate base, (5.5-)6-7(-8) × (4-)4.5-5.5(-6) μm, hyaline, smooth, thick-walled, arranged in chains. Sexual morph not observed. Conidiophores arising from substrate mycelium, simple or branched, bearing terminally a single annellide (at each branch). Annellides cylindrical, (10.5-) 22.5-47.5(-67.5) × (2.5-)3-4(-5) μm, tapering gradually to a cylindrical annellate zone 2-3.5(-4) μm wide, subhyaline becoming darker with age, smooth-walled. Conidia broad ovoid with truncate base, (4.5-)6-7(-8) × (4-)5-6(-7) μm, buff to honey, smooth, thick-walled, arranged in long chains. Note: Sporulation was only observed on OA after 2 months cultivation, re-isolation of a fresh culture might influence the morphological description. Morton & Smith (1963) discussed the synonyms of S. flava, a species frequently found on cheese. Among the synonyms they also discussed S. casei Loubi ere of which no type material is known to exist. Sexual morph not observed. Conidiophores arising from substrate mycelium, frequently branched, bearing terminally a group of annellides (at each branch). Annellides ampulliform, (4-) 5-7 μm long, 2-2.5(-3) μm broad at the widest part, with a short annellate zone, (1-)1.5-2 μm wide, hyaline to subhyaline, smooth-walled. Conidia ovoid to ellipsoidal with truncate base, 4-5(-5.5) × 2-2.5(-3) μm, vinaceous buff to hazel, smooth, thick-walled, arranged in (long) chains.
Scopulariopsis sexualis
Culture characteristics: Colonies on OA attaining a diameter of 33-35 mm after 14 d at 25°C, flat, olivaceous to olivaceous grey, margin crenated. On MEA attaining a diameter of 26-30 mm, crateriform, greyish blue to (pale) olivaceous grey INDOOR SCOPULARIOPSIS AND SCOPULARIOPSIS-LIKE SPECIES www.studiesinmycology.org and slate blue, radially striated with dentate margin. On DG18 attaining a diameter of 29-30 mm, crateriform, pale olivaceous grey to olivaceous grey, radially striated, margin entire. On OA no growth at 36 and 40°C. 
DISCUSSION
This manuscript presents a molecular phylogenetic study of species in the genera Microascus and Scopulariopsis known from culture, with the intention to identify the common indoor species. Since fungi present in indoor environments can produce toxins or carry allergens which cause health hazards, it is important to know which fungal species are present indoors. Scopulariopsis and scopulariopsis-like species are mainly found in soil, but also frequently isolated from food and building materials like drywall paper and wood . Little is known about the health effects of these fungi, although several species seem to be able to cause human onychomycosis and superficial tissue infections (e.g. Tosti et al. 1996 , Wu et al. 2009 ). Rare cases of more severe diseases are reported, but only in immunocompromised patients (e.g. Baddley et al. 2000, INDOOR SCOPULARIOPSIS AND SCOPULARIOPSIS-LIKE SPECIES www.studiesinmycology.org Miossec et al. 2011) . The ability of Scopulariopsis species to deteriorate building materials (Gutarowska 2014 , Lavin et al. 2016 , and to accumulate various elements and turning these into toxic volatiles (Cheng & Focht 1979 , Boriov a et al. 2014 ) also makes them an important group to study in the indoor environment.
As stated in the results section, 17 species are mentioned in this manuscript to occur in the indoor environment ( Table 2) , but most of them are only occasionally found indoors. Besides the number of isolates found indoors, the substrate of isolation should also be taken into consideration when labelling species as indoor species. The isolates assigned to the indoor habitat include swab samples and house dust or air samples. Since swab sample are mostly taken from sites suspicious of fungal growth, they can (often) be related to actual indoor growth. A dust or air sample only implies the presence of the fungus. Since the concentration of fungal spores in the indoor air is to certain extent dependent on the outside spore concentration, it is recommended to also sample the outside air for comparison ). This information is not known for our isolates, and also information on the abundance of the species in the air or dust sample is unknown. Ten of the species which are mentioned here to occur in the indoor environment are also found in relation with humans ( Fig. 3) . However, isolates assigned in this study to the human habitat are mainly isolated from human-derived specimens, which is merely an indication of a possible pathogenic role. For the majority of the species known from human specimens there is no proven relation with disease (Sandoval-Denis et al. 2013) . Especially for isolates obtained from superficial sites and the upper respiratory tracts it should be taken into account that these can be environmental contaminants. Another point of attention is the indoor environment in which the species are found. How much time people spend in the different indoor environments (archives, homes, offices, stables, animal pens, etc.) varies, although all of them are treated here as indoor habitat. As example we will take M. alveolaris, only 1 out of 9 studied isolates is isolated from the indoor environment. This indoor isolate came from a house-dust sample, but no additional information is known on the abundance of the fungus in the dust sample. Additional information is needed to label M. alveolaris as true indoor species, although this study shows it can be found in homes. One other M. alveolaris isolate was human-derived, although an earlier study linked multiple human-derived isolates to this species . Most of them are bronchoalveolar lavage isolates, as the name of the fungus already applies. Although for most of these isolates their relation with disease is not known, the finding of multiple isolates from the respiratory tract of human patients, and the ability of the species to grow at 40°C are good indications of the potential pathogenicity of the species.
The most commonly found indoor species, both in swab and air/dust samples are M. melanosporus, M. paisii, S. brevicaulis and S. candida. All four are also placed in relation with the human habitat. Scopulariopsis brevicaulis and S. candida are known to be involved in onychomycosis, and S. brevicaulis is also recognised as important human opportunistic pathogens, as well as S. brumptii (now M. paisii) (De Hoog et al. 2011) . For M. melanosporus, which was previously regarded a synonym of S. brumptii (Morton & Smith 1963, as S. melanospora) , the pathogenic abilities are unknown. However, one can expect that it can also act as opportunistic pathogen, as it close relatives, especially with the ability of some isolates to grow at 36°C.
Based on the multi-gene phylogeny (Fig. 2 ) and congruent single gene trees (Fig. 19 ) the newly combined M. paisii ) is split in this study into seven species of which four (M. fusisporus, M. hollandicus, M. pseudopaisii, and M. trautmannii) are newly described, one was given a new name (M. atrogriseus) and one a new name combination (M. melanosporus). Scopulariopsis brumptii is still regarded as synonym of M. paisii (Table 3 ). Based on their tub2 
CONCLUSIONS
In the genus Microascus 33 phylogenetic species can be distinguished based on (parts) of the ITS, tub2 and tef1 gene regions. From these 33 species, seven are described here as new species, and one new name and new combination are proposed. Thirteen Microascus species are found in the indoor environment of which M. melanosporus is most commonly found, followed by M. paisii. In the genus Scopulariopsis 12 phylogenetic species can be distinguished based on (parts) of the ITS, tub2 and tef1 gene regions. From these 12 species, four are described here as new species. Three Scopulariopsis species are found in the indoor environment of which S. brevicaulis and S. candida are most common. No correlation was found between phylogenetic relationships and habitat preference in the genera Microascus and Scopulariopsis. The genus Fuscoannellis is placed in synonymy with Yunnania. The genus Yunnania, which is not known for indoor environments, now includes three species of which one is described here as new and one has a new name combination proposed.
Key to the most common Microascus, Scopulariopsis and Cephalotrichum species from the indoor environment
